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ABSTRACT 

The wet-oxidation c a t a l y s i s  of Au, Pd, P t ,  Rh o r  Ru on a ceramic honeycomb c a r r i e r  w a s  t raced  
i n  d e t a i l  by 1 6  t o  20 r e p e t i t i v e  b a t c h  t e s t s  each. As a r e s u l t ,  P t  o r  Pd on a honeycomb 
c a r r i e r  was shown t o  c a t a l y z e  c o m p l e t e  n i t r o g e n  g a s i f i c a t i o n  a s  N2. Though t h e  c a t a l y s t s  
which r e a l i z e  both complete n i t rogen  g a s i f i c a t i o n  and complete oxida t ion  could not  be found, 
t h e  Ru+Rh c a t a l y s t  was found t o  be most promising. Ru honeycomb catalyzed both n i t r i f i c a t i o n  
and n i t rogen  g a s i f i c a t i o n .  

PREFACE 

Wet-oxidation i s  t h e  r e a c t i o n  i n  which so luble  o r  suspended organic  m a t e r i a l s  a r e  oxidized i n  
a pressure v e s s e l  a t  a temperature  of 120 t o  374s: and a residence t ime of s e v e r a l  minutes t o  
h o u r s  i n  t h e  p r e s e n c e  o f  oxygen and l i q u i d  water .  The r e a c t i o n  can  be c a r r i e d  o u t  bo th  i n  a 
batch system and i n  a continuous system. 

The main advantage of wet-oxidation, when appl ied  t o  t h e  waste management system f o r  CELSS 
(closed-ecological-life-support-system) i n  a spaceship, i s  i n  t h a t ,  as a type of oxida t ion  
reac t ions ,  it can produce carbon dioxide,  which i s  e s s e n t i a l  t o  p l a n t  photosynthesis ,  from 
t h e  raw material of organic  waste. I n  a wider sense, as it is  a minera l iza t ion  reac t ion ,  i t  
can a l s o  play a p a r t  as a r e - d i s t r i b u t i o n  c e n t e r  of elements  t o  each u n i t  of t h e  CELSS. The 
o ther  advantages of wet-oxidation a r e  (1) no biomass reproduct ion,  (2) t h e  s t a b i l i t y  of t h e  
reac t ion ,  (3 )  t h e  s t o i c h i o m e t r i c a l l y  requi red  amount of oxygen t o  be introduced,  ( 4 )  s h o r t  
r e t e n t i o n  t i m e  and small  i n s u l a t i o n  s p a c e ,  (5) no a d d i t i v e s ,  (6 )  no b a c t e r i a  o r  v i r u s ,  ( 7 )  
h e a t  r e c o v e r y  and s o  on. Among t h e s e  a d v a n t a g e s ,  t h e  f i r s t  p o i n t  i s  t h e  most i m p o r t a n t  and 
t h e  4 th  poin t  i s  a l s o  important  i n  t h e  i n i t i a l  development s tage  of CELSS. 

But wet-oxidation has a l s o  disadvantages. In  a previous r e p o r t  / I / ,  t h e  au thor  showed t h a t :  
(1)  In  wet-oxidation without  c a t a l y s t s ,  non-oxidizable a c e t i c  a c i d  i s  i n e v i t a b l l y  produced 

as a by-product and complete oxida t ion  cannot be c a r r i e d  out. This prevents  the  wet-oxidation 
system from playing a p a r t  as t h e  r e - d i s t r i b u t i o n  c e n t e r  of  C02,and elements  i n  CELSS. 

(2) In  wet-oxidation, t h e  organic  n i t rogen  i n  raw m a t e r i a l  is transformed exc lus ive ly  t o  
ammonia and n o t  t o  n i t r o g e n  g a s  ( N 2 )  o r  n i t r a t e  form,  b o t h  o f  which a r e  t h e  main c h e m i c a l  
forms of n i t rogen  needed f o r  CELSS. 
In  addi t ion ,  the  au thors  showed t h e  p o s s i b i l i t y  t h a t  these  disadvantages may be overcome by 
t h e  use of  c a t a l y s t s .  

I n  t h e  a p p l i c a t i o n  of w e t - o x i d a t i o n  as a w a s t e  management s y s t e m  f o r  CELSS, c o m p l e t e  
oxida t ion  and chemical form c o n t r o l  of ni t rogen  a r e  necessary. From t h i s  po in t  of view, t h e  
a u t h o r s  w i l l  show i n  t h i s  p a p e r  t h e  w e t - o x i d a t i o n  c a t a l y s i s  of  Au, Pd, P t ,  Rh o r  Xu on a 
ceramic honeycomb c a r r i e r ,  which were proven t o  be u s e f u l  as c a t a l y s t s  i n  t h e  pre l iminary  
experiment /2/. 

EXPERIMENTAL METHOD 

R e a c t o r  and raw material: Each experiment was c a r r i e d  out  as a batch t e s t  using an autoclave 
with a volume of 580 m l .  The f i l t r a t e  of wet-oxidized-sewage-sludge obtained from t h e  w e t -  
o x i d a t i o n  f a c i l i t y  of Yokohama-City-Northside-Sewage-Treatment-Plant was used as the  raw 
mater ia l .  The reason why so luble  raw m a t e r i a l  was used i n s t e a d  of suspended m a t e r i a l  i s  t h a t  
suspended m a t e r i a l s  g e n e r a l l y  p o i s o n  t h e  a c t i v e  p o i n t s  on t h e  s u r f a c e  of  a c a t a l y s t ,  and 
t h a t  i t  appeared t o  make i t  e a s i e r  t o  s e l e c t  the  bes t  c a t a l y s t s .  

A f t e r  t h e  raw m a t e r i a l  was i n t r o d u c e d  t o  t h e  a u t o c l a v e ,  i t  was h e a t e d  up. The t e m p e r a t u r e  
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reached the  designated value i n  30 min. The r eac t ion  t imes  ind ica t ed  h e r e i n a f t e r  r e f e r  t o  the  
t ime a t  the  des igna ted  tempera ture  and do no t  include t h e  t ime needed f o r  heating. A t  t he  end 
of t he  des i r ed  r e a c t i o n  t ime, t h e  au toc lave  was drenched i n  water t o  s t o p  the reac t ion .  

Expe r imen t  1: The c a t a l y t i c  p r o p e r t i e s  o f  Au, Pd, P t ,  Rh and  Ru, each  o f  which  i s  s u p p o r t e d  
on the  ceramic honeycomb, were examined and t h e  changes of t he  p r o p e r t i e s  w i th  r e p e t i t i o n  of 
b a t c h  t e s t s  were t r a c e d .  20 b a t c h  t e s t s  were  c a r r i e d  o u t  w i t h  each  c a t a l y s t .  I n  each  t e s t ,  
f r e s h  r a w  ma te r i a l  was in t roduced  t o  t h e  reac tor .  By us ing  c a r r i e r s ,  t h e  s u r f a c e  a r e a  o f  each 
compound i s  increased  and thus  the  number of a c t i v e  s i t e s  on it increases .  In  add i t ion ,  t h e  
s e p e r a t i o n  o f  t h e  r e a c t o r  o u t p u t  from t h e  c a t a l y s t  i s  a l s o  made e a s i e r .  Moreover,  t h e  
c a t a l y s t s  can be used r epea ted ly  and t h e  e f fus ion  of c a t a l y s t ' f r o m  t h e  r e a c t o r  is  minimized. 

A P t  c a t a l l y s t  wi th  a c e l l  number of 32.5/cm2, a c ross -sec t ion  area of 5x5 cm and a he ight  of 
4 cm was used. The q u a n t i t y  of t h e  P t  c a r r i e d  was 1.5 g per  l i t e r  o f  t he  apparent  volume of a 
honeycomb. Hhen t e s t e d ,  i t  w a s  l a i d  on t h e  bot tom of t h e  r e a c t o r .  For c a t a l y s t s  e x c e p t  P t ,  
t h e  c e l l  number was 28.4/cm2 and t h e i r  shape w a s  c y l i n d r i c a l  w i th  a d iameter  o f  60 m m  and a 
h e i g h t  of 50 m. The q u a n t i t y  o f  t h e  n o b l e  m e t a l  c a r r i e d  was a b o u t  2 g / l  of t h e  a p p a r e n t  
volume of t he  honeycomb. I t  had a hole  wi th  a d iameter  of 8 m m  a t  t h e  c ross -sec t iona l  cen ter .  
The v e r t i c a l  s h a f t  of t he  stirrer wi thout  a p rope l l e r  was used f o r  suspending t h e  c a t a l y s t  
through t h e  8 m m  hole mentioned above. The stirrer s h a f t  was not  moved i n  t h e  experiments. 

Each batch t e s t  was c a r r i e d  ou t  a t  a tempera ture  of 26OoC, a p res su re  of 75 kgf/cm2 (7.35 MP) 
and  a time o f  60 min. The s t o i c h i o m e t r i c a l l y  r e q u i r e d  amount o f  oxygen was added  t o  t h e  
r e a c t o r  i n  case  of t he  P t  c a t a l y s t  and 1.5 times of i t s  amount was in t roduced  i n  t h e  case  of 
t h e  o the r  ca t a lys t s .  

Expe r imen t  2:  The combined effects of elements were examined us ing  t h e  Ru and Rh c a t a l y s t s .  
Thei r  shape were t h e  same as those  of Ru, Rh, P t  and Pd i n  Experiment 1. The t o t a l  q u a n t i t y  
of Ru and Rh c a r r i e d  was 3 g / l  of t h e  volume of ca t a lys t s .  The weight r a t i o  of Ru t o  Rh was 1 
t o  3, 1 t o  1 and  3 t o  1. 16 b a t c h  t e s t s  were c a r r i e d  out .  The r e a c t o r  t e m p e r a t u r e ,  p r e s s u r e  
and  t i m e  were  a l s o  t h e  same as t h o s e  i n  Exper imen t  1. 1.5 t i m e s  t h e  amount o f  oxygen t o  
oxid ize  r a w  ma te r i a l  comple te ly  
t h e  r eac to r .  

w a s  added t o  

RESULTS 

E x p e r i m e n t  1: F i g u r e s  1 and  2 show t h e  
r e l a t i o n  between t h e  r e p e t i t i o n  t imes  and COD 
i n  t h e  r e a c t o r  o u t p u t  when Ru, Rh, Pd or P t  
on a honeycomb c a r r i e r  was used. COD of  t h e  
raw material was 14.4 g / l  and  COD of t h e  
r e a c t o r  ou tput  wi thout  c a t a l y s t  ( con t ro l )  was 
5.87 g/i. 

I n  case  o f  Au, it was e n t i r e l y  r e l eased  from 
t h e  honeycomb c a r r i e r  dur ing  t h e  f i r s t  ba tch  
t e s t .  COD a n d  K j e l d a h l  n i t r o g e n  i n  t h e  
r e a c t o r  o u t p u t  was shown t o  be  t h e  same as 
those  of t h e  cont ro l .  The bare  ceramic honey- 
comb without Au was pu t  i n  t h e  r e a c t o r  with 
t h e  same r a w  m a t e r i a l  as i n  Experiment 1 and 
w e t - o x i d i  zed under  t h e  sa m e e x p e r i m e n t a l  
c o n d i t i o n s .  As a r e s u l t ,  it was d i s c o v e r e d  
t h a t  t h e  c e r a m i c  c a r r i e r  i t s e l f  w i l l  n o t  
c a t a l y z e  e i t h e r  o x i d a t i o n  or c h e m i c a l  form 
t r ans fo rma t ion  of nitrogen. 

I n  t h e  case o f  Rh, COD of  t h e  r e a c t o r  o u t p u t  
was a lmost  cons tan t  r ega rd le s s  of t h e  number 
of t i m e s  r e p e a t e d  and  showed a v a l u e  a b o u t  
h a l f  t h a t  of t h e  c o n t r o l ,  t h a t  i s ,  a b o u t  3 
g/ l .  A s  COD of the  raw sewage sludge t r e a t e d  
i n  t h e  w e t - o x i d a t i o n  f a c i l i t y  o f  Yokohama 
C i t y  was a b o u t  40 g / l ,  t h i s  v a l u e  o f  3 g / l  
a c c o u n t s  f o r  7.5% o f  t h e  COD o f  t h e  raw 
sewage s lude  of Yolcohama City. In  t h e  case  of 
Ru, COD i s  t h e  smallest a t  f i r s t  among t h e  4 
c a t a l y s t s ,  t h e n  i n c r e a s e s  g r a d u a l l y  w i t h  
r e p e t i t i o n  and approaches t h e  cont ro l .  In  t h e  
c a s e  o f  Pd, COD i s  s e c o n d a r i l y  t h e  s m a l l e s t  
a t  f i r s t  and t h e n  i n c r e a s e s  w i t h  r e p e t i t i o n  
and COD approaches a cons t an t  va lue ,  approxi- 
mately about 314 of t he  cont ro l .  I n  t h e  case  
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Fig. 1. The e f f e c t s  of t h e  Rh or t h e  Ru 
c a t a l y s t  on t h e  COD r educ t ion  
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Fig. 2. The e f f e c t s  of t h e  P t  or t he  Pd 
c a t a l y s t  on t h e  COD reduct ion  

80 



o f  P t ,  C O D  r e p e a t s  t h e  i n c r e a s e s  a n d  
decreases  wi th  t h e  r e p e t i t i o n  of t h e  batch 
t e s t s ,  b u t  i t s  change  o c c u r s  n e a r  t h e  v a l u e  
o f  t he  cont ro l .  Therefore,  i t  was proven t h a t  
P t  honeycomb, i n  t h i s  e x p e r i m e n t ,  d o e s  n o t  
c a t a l i  ze o x i d a t i o n .  

F igures  3 and 4 show t h e  n i t rogen  q u a n t i t y  i n  
t h e  l i q u i d  o f  t h e  r e a c t o r  o u t p u t  when Rh o r  
Ru honeycomb was used ,  r e s p e c t i v e l y .  The 
t o t a l  n i t rogen  of t h e  c o n t r o l  was 1480 vg/l .  
I n  t h e  c a s e  o f  Rh, t h e  q u a n t i t y  o f  n i t r a t e  
n i t rogen  i s  cons t an t  and small, r e g a r d l e s s  of 
t h e  r e p e t i t i o n  number. On t h e  o t h e r  hand, t h e  
q u a n t i t y  of Kje ldahl  n i t rogen  was very small 
a t  f i r s t ,  t h e n  i n c r e a s e s  and  a p p r o a c h e s  a 
cons t an t  va lue  af ter  being repea ted  f i v e  
t imes.  The cons t an t  va lue  occupied about a 
h a l f  o f  t h e  c o n t r o l .  The d i f f e r e n c e  be tween  
t h e  c o n t r o l  and  t h e  sum o f  K j e l d a h l  and  
n i t r a t e  n i t rogen  i s  cons idered  t o  be g a s i f i e d  
a s  n i t r o g e n  g a s  (IJ2). I n  t h e  c a s e  o f  Ru, 
K j e l d a h l  n i t r o g e n  i s  v e r y  smal l  i n  q u a n t i t y  
a n d  n i t r a t e  n i t r o g e n  i s  v e r y  l a r g e  i n  
q u a n t i t y .  Though n i t r a t e  n i t r o g e n  was s o  
smal l  i n  q u a n t i t y  d u r i n g  t h e  f i r s t  b a t c h  
t e s t ,  b u t  i n c r e a s e d  s u d d e n l y  a f t e r  b e i n g  
r e p e a t e d  t w o  t imes,  and  t h e r e a f t e r ,  main- 
t a i n e d  a v a l u e  o f  a b o u t  h a l f  o f  t h e  c o n t r o l .  
I n  t h e  c a s e  o f  Pd, t h e  q u a n t i t y  o f  k j e l d a h l  
n i t r o g e n  i n  t h e  l i q u i d  r a n g e d  f rom 1.8 t o  
35.3 mg/l and t h a t  of n i t r a t e  n i t rogen  ranged 
f rom 13.8 t o  88.5 mg/l. On t h e  o t h e r  hand ,  i n  
t h e  c a s e  o f  P t ,  K j e l d a h l  n i t r o g e n  r anged  
be tween  29.0 and  192 mg/ l  i n  q u a n t i t y  and  
n i t r a t e  n i t rogen  was no t  de t ec t ed .  I n  both 
cases ,  n i t rogen  i n  t h e  raw material was 
transformed i n t o  n i t rogen  gas  ( N 2 ) .  

Experiment 2: F i g u r e  5 show t h e  r e l a t i o n  
be tween  COD i n  t h e  l i q u i d  o f  t h e  r e a c t o r  
ou tpu t  and r e p e t i t i o n  number when t h e  weight 
r a t i o  o f  Ru t o  Rh i s  1 t o  1. C O D  o f  t h e  raw 
material and t h e  c o n t r o l  are both t h e  same as 
those  i n  Experiment 1. I n  any honeycomb ca ta -  
l y s t  o f  t h i s  e x p e r i m e n t ,  C O D s  behave  a l i k e .  
The small COD d u r i n g  t h e  f i r s t  b a t c h  t e s t ,  
f o l l o w e d  by t h e  sudden  i n c r e a s e  a f t e r  t h a t ,  
i s  s imilar  t o  t h e  c a s e  o f  t h e  Ru c a t a l y s t  i n  
Experiment 1. The cons is tancy  o f  COD after 3 
o r  L r e p e t i t i o n s  i s  s imi l a r  t o  t h e  c a s e  o f  
t h e  Rh c a t a l y s t  i n  Experiment 1. 

F igure  6 shows t h e  changes i n  t h e  n i t r o g e n  
q u a n t i t y  i n  t h e  l i q u i d  of t h e  r e a c t o r  ou tpu t  
w i t h  r e p e t i t i o n .  I n  t h i s  f i g u r e ,  t h e  r e s u l t s  
when Ru/Rh is  1/1 are shown. Contrary t o  t h e  
c a s e  i n  w h i c h  Ru o r  Rh was s e p a r a t e l y  
s u p p o r t e d  o n  a c e r a m i c  honeycomb, b o t h  
Kje ldahl  n i t rogen  and n i t r a t e  n i t r o g e n  were 
very  small i n  quant i ty .  Most of t h e  n i t rogen  
i n  t h e  raw material  was d e t e c t e d  i n  t h e  g a s  
a s  N 2 .  When Ru/Rh i s  1 / 3 ,  t h e  K j e l d a h l  
n i t r o g e n  r a n g e d  f rom 0.3 t o  26.2 mg/ l  and  
n i t r a t e  n i t r o g e n  ranged from 112 t o  211 mg/l. 
Uhen Ru/Rh i s  3 /1 ,  t h e  K j e l d a h l  n i t r o g e n  
r a n g e d  f r o m  0.3 t o  21.8 mg/ l  and n i t r a t e  
n i t rogen  ranged from 2L6 t o  391 mg/l. I n  any 
case, t h e  K j e l d a h l  n i t r o g e n  w a s  v e r y  s m a l l  
compared  t o  t o t a l  n i  t ropen .  The l a r g e r  t h e  
r a t i o  of Ru t o  Rh, the  l a r g e r  t h e  n i t r a t e  
n i t rogen  q u a n t i t y  became. 
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Fig .  3. The e f f e c t s  o f  t h e  Rh c a t a l y s t  
on t h e  chemical form o f  n i t rogen  
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Fig .  4. The e f f e c t s  of t he  Ru c a t a l y s t  
on t h e  chemical form of n i t rogen  
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Fig. 5 .  The e f f e c t s  o f  RhtRu c a t a l y s t  
on t h e  COD r educ t ion  (Ru/Rh = 1/11 
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Fig. 6. The e f f e c t s  o f  RhtRu c a t a l y s t  
on t h e  chemical form of n i t rogen  
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no c a t a l y s t  Rh Ru Pd P t  
oxidat ion - ttt t t - 
nit rogen form “L NHL+ N2 NO3+ N2 N2 N2 

DISCUSSION 

Summary of the experiments : Table 1 shows the summary of  t h e  experiments. I t  was discovered 
t h a t  c o m p l e t e  n i t r o g e n  g a s i f i c a t i o n  as N2, which w i l l  be used as a component of a i r  i n  a 
spaceship,  i s  c a r r i e d  out  by the use of P t  o r  Pd honeycomb c a t a l y s t s ,  al though i n  each case 
the  COD reduct ion i s  low and/or unstable  with r epe t i t i on .  A c a t a l y s t  which would accomplish 
both ni t rogen g a s i f i c a t i o n  and complete oxidat ion could not  be found, but a promising one was 
found (RutRh). If t h e  main n i t r o g e n  form needed i n  CELSS i s  N 2 ,  t h e n  t h i s  c a t a l y s t  i s  
considered t o  be a good candidate  f o r  use i n  CELSS. COD reduct ion was higher  and more s t a b l e  
than i n  the  mse of Pd ur Pt. The t ramdormable c a t a l y s t  of t he  organic ni t rogen t o  n i t r a t e  
fo rm,  which p l a n t s  i n  hydroponic  s o l u t i o n  u t i l i z e  t h e  most,  c o u l d  be found ( R u ) ,  b u t  t h e  
n i t r i f i e d  n i t rogen  occupied about ha l f  of the con t ro l  ni t rogen and the rest was g a s i f i e d  as 
N2. 

If t h e  wet-oxidation f a c i l i t y  f o r  CELSS i s  made under the  present  condi t ions,  t he  two-step 
w e t - o x i d a t i o n  w i l l  be a d o p t a b l e .  I n  t h e  f i rs t  s t e p ,  w e t - o x i d a t i o n  i s  c a r r i e d  o u t  w i t h o u t  
c a t a l y s t .  The o r g a n i c  s u b s t a n c e s  i n  t h e  raw m a t e r i a l  i s  o x i d i z e d  t o  some e x t e n t ,  and t h e  
suspended m a t t e r  which o f t e n  p o i s o n s  a c a t a l y s t i s  i s  d i s s o l v e d .  I n  t h e  second s t e p ,  wet- 
oxidat ion i s  c a r r i e d  out  with ca t a lys t s .  The organic mat ter  remaining a t  the f i r s t  s t e p  i s  
oxidized completely and the  chemical form of ni t rogen is control led.  

I n  t h e  near f u t u r e ,  t h e  c h e m i c a l  form of  n i t r o g e n  i n  t h e  r e a c t o r  o u t p u t  w i l l  be f u l l y  
con t ro l l ed  by t h e  use of noble metal ca t a lys t s .  The l a r g e s t  problem t o  be overcome i s  t h a t  
o x i d a t i o n  w i l l  n o t  o c c u r  comple t e ly .  To s o l v e  t h i s  problem i n  a s h o r t  t i m e  span ,  
countermeasures such as an inc rease  i n  t h e  c a t a l y s t  quan t i ty ,  r eac t ion  temperature,  r eac t ion  
time etc .  w i l l  be taken, which w i l l  p a r t i a l l y  solve t h i s  d i f f i c u l t y .  Generally speaking, t he  
d u r a b i l i t y  o f  a c a t a l y s t  ma in ly  depends on t h e  s o l u b i l i z a t i o n  o r  t h e  r e l e a s e  of  c a t a l y t i c  
compounds from i t s  c a r r i e r  and,  on t h e  o t h e r  hand, t h e  p r o p e r t y  of a c a t a l y t i c  r e a c t i o n  
mainly depends on t h e  combination of elements. Therefore, i n  a long time span, measures such 
as t h e  exchange of c a r r i e r  material t o  s i l i c a  o r  t i t a n i a ,  the add i t ion  of another  element t o  
Ru and Ah, t h e  change o f  t h e  combina t ion  of c a t a l y t i c  compounds and s o  on a r e  t o  be 
researched h e r e a f t e r .  

The s u b j e c t s  t o  be solved: The sub jec t s  of wet-oxidation i n  t h e  app l i ca t ion  t o  CELSS a r e  as 
follows. The first is t o  f i n d  ou t  t h e  c a t a l y s t s  with which both complete oxidat ion occurs and 
the  chemical form of ni t rogen i s  control lable .  The second sub jec t  i s  the  c o r r e c t  measurement 
of t he  material balance. I n  add i t ion  t o  carbon and ni t rogen,  elements t o  be t raced a r e  P, K, 
C a ,  Mg and S, which are  macro n u t r i e n t s  o f  p l a n t s ,  Fe, Mn, E, Cu, Zn, Mo and C 1 ,  which are  
m i c r o  n u t r i e n t s  o f  p l a n t s ,  and A l ,  S i ,  C r ,  N i ,  Hg, Pb, Cd and As, some of which a r e  h a r m f u l  
t o  p l a n t s  or t h e  human body. The t h i r d  i s  t o  examine and e v a l u a t e  t h e  q u a n t i t y  of t h e  
c a t a l y s t  effused from t h e  wet-oxidation system, though it is  thought t o  be much sma l l e r  than 
i n  t h e  case o f  coppe r  compounds. The f o u r t h  i s  t h e  measurement and e v a l u t i o n  o f  a ldehyde ,  
a l c h o l ,  c a r b o x y l i c  a c i d s  and o t h e r  compounds w i t h  low m o l e c u l a r  w e i g h t s  and low b o i l i n g  
p o i n t s  which are produced i n  w e t - o x i d a t i o n  as end p r o d u c t s  i n  a d d i t i o n  t o  a c e t i c  a c i d .  If 
these  compounds are produced i n  s i g n i f i c a n t  quan t i t i e s ,  then the  necess i ty  t o  prevent t hese  
compounds from being produced or t o  remove them from the  l i q u i d  o r  gas w i l l  be of importance. 

On t h e  o t h e r  hand, r e s e a r c h  on making up a p r a c t i c a l  w e t - o x i d a t i o n  f a c i l i t y  f o r  CELSS h a s  
been delayed.  I n  i t s  c o n s t r u c t i o n ,  it i s  n o t i c e d  f i r s t  t h a t  t h i s  sys t em w i l l  be used under  
the  condi t ion of zero gravity.  Problems such as leakage, e lus ion  and wear w i l l  r e s u l t  from 
t h e  h igh  p r e s s u r e  and t e m p e r a t u r e  and a more in -dep th  s t u d y  i s  needed f o r  t h e  s o l u t i o n  of 
t hese  problems. As f o r  the material of t he  reactor ,  f o r  instance,  t h e  wet-oxidation f a c i l i t y  
on t h e  e a r t h  f i r s t  used SUS 316, t h e n  t i t a n i u m  was g r a d u a l l y  adopted.  The b e s t  material  i n  
space i s  s t i l l  unknown. Examination of t he  e f f ec t iveness  of such new materials as ceramics 
have y e t  t o  be f u l l y  tes ted.  The i n v e s t i g a t i o n  of  t h e  system composition of wet-oxidation i n  
CELSS and of  t h e  m a t e r i a l s  and mechanisms t o  be choosen i n  each  p a r t  needs t o  have a more 
i n t e n s i f i e d  s t u d y  c a r r i e d  o u t  on it i n  t h e  f u t u r e .  T h i s  s t u d y  w i l l  be a c h i e v e d  w i t h  more 
e f f o r t  than t h a t  on wet-oxidation r e a c t i o n  i tself  which the  au the r s  have been researching. 

I n  add i t ion ,  a high r a t e  and s t a b l e  oxidat ion was not achieved. 
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